300638US/042- 215/20 



(19) RU (11) 2 115 792 (13) CI 

(51)IPC^E21B 7/08 



The Russian Agency 
for Patents and Trademarks 



(12) SPECIFICATION OF INVENTION TO RUSSIAN FEDERATION PATENT 



(21) (22) Application: 96116955/03, 27.08.1996 

(46) Publication date: 20.07.1998 

(56) References: US Patent 4,745,982, IPC C21B 
7/08, 1988. US Patent 5,168,943, IPC E21B 7/08, 
1992. 



(71) Applicant: The Perm Branch of All-Russian 
Scientific and Research Institute of Drilling 
Equipment 

(72) Inventors: Shchelkonogov, G.A., Bobrov 
M.G., Kochnev A.M., Goldobin V.B. 

(73) Patent owner: The Perm Branch of AIl- 
Russian Scientific and Research Institute of 
Drilling Equipment 



(54) DIRECTIONAL DRILLING APPARATUS 

(57) Abstract 

A directional drilling apparatus can be used in drilling of deviated-directional and horizontal 
wells. The directional drilling apparatus comprises: a curved nipple with threads at its ends, 
and a spacing sleeve with a thrust butt beveled at an angle, said sleeve being mounted at said 
nipple on a sliding key (by slots); a cxnrved sub and a straight sub mounted at the thread ends. 
Threads on the curved nipple are conical (small-conical) and form thread cormections each 
having a rating value of the axial tightness more than their half pitch. A plane of curving the 
curved nipple and a plane of beveling the thrust butt of the spacing sleeve are mutually 
perpendicular, and their angles a° and p*" are formed equal to each other. This allows 
infinitely variable control of an apparatus angle of inclination, ± a"^, and avoidance of 
spontaneous variation of a drilling direction during operation in connection with creation of a 
guiaranteed tightness in threads. 1 Figure. 
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CLAIM 

A directional drilling apparatus comprising: a curved nipple with threads at its ends, 
and a spacing sleeve v^ith a thrust butt beveled at an angle, said sleeve being mounted at said 
nipple on a sliding key (by slots); two subs mounted at the thread ends, one sub being curved, 
characterized in that the nipple is curved, threads on the curved nipple are conical (small- 
conical) and form thread connections witili threads of the subs to be mated, each connection 
having a rating value of the axial tightness more than their half pitch, wherein a plane of 
curving the curved nipple and a plane of beveling the thrust butt of the spacing sleeve are 
formed mutually perpendicular, and their angles are formed equal to each other. 
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(54) yCTPOPlCTBO flJl^ HAHPABilEHHOrO BYPEHU^ 

(57) Pecpepar: 

VcTpoPicTBo AH^i HanpaBneHHoro 6ypeHHfl 
Mo>KeT 5biTb McnonbsoBaHO npn SypeHUM 
HaKnoHHo-HanpaBJiGHHbix m ropnaoHianbHbix 
cKBaxMH. YcTpoPicTBo AHA HanpaBJieHHoro 
6ypeHm coflep>KHT KpneoM Hunnenb c pesbGaMM 
M Ha KOHL^ax. H ycraHOBneHHbie Ha Hewi Ha 
cKOJibs^iLMefi LJunoHKe (Ha mriMLtax) pacnopnyio 

BTyjIKy CO CKOlLieHHblM ynopHbIM TOpLiOM, Ha 

pe3b6oBbix KOHL^ax ycraHOBJieHb! KpuBoh m 
npjqwoM nepesoAHMKM. Pe3b6bi na KpuBOM 
Hunnejie BbinojineHbi KonmeomMiA 

(ManoKOHycHbiMn) m oepaaywr pe3b6oBbie 
coeAWHeHUfj, HOMUHanbHaH sennMUHa oceBoro 
Harara b Ka>KAOM na Koropbix 6onbLiie nonoBMHbi 
MX Luara. njiocKocib ncKpi/ieneHUfi KpuBoro 
Hmnens] n nnocKocrb cKoca ynopnoro Topi4a 
pacnopHoi^ BTynKn BbinonneHbi saanMHo 
nepneHAHKyjiJ^pHbiMn, a mx ymbi cx° n p" - 
pasHbiMM Me>KAy co6o^l. 3to nosBonneT 
perynnpoBKy yma y" ± a" OTKnoHeHUH 
ycTpoMCTBa npoMSBOAMTb eeccryneHMaro i/i 
M36e>KaTb caMonpoM3BonbHoro naMeHeHun 
HanpaBjieHMfl 5ypeHm npn paSore b CBflan c 
cosAaHnew rapaHTuposaHHoro Har^ra b 
pe3b6ax. 1 Mil. 
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H3o6peTeHMe othocmtca k 6ypoBoii rexHMKe 
M Mo>KeT Mcnojib30BaTbca npn 6ypeHHM 
HaKnoHHo-HanpasneHHbix cKBa>KHH, b tom Mucne 
B cocraBe bmhtobbix 3a6oMHbix flBMrareneM. 

MsBecTeH perynnpyeMbiPi nepeeoAHHK An5^ 
HanpasneHHoro 6ypeHMFi, ncnonbsyeMbiM npki 
HaKnoHHo-HanpaeneHHOM 6ypeHMM cKBa>KMH [1]. 

HaBecTHbiPi perynnpyeMbiPi nepeeoflHUK 
COAep>KMT KpHBOM nepeBOAHHK n 

ycraHOBjieHHbie na hbm perynnpoBOMHbiPi 
KpuBOM nepeBOAHMK c 3y6bHMM Ha Topi4e, 
ayeMaryio Mydpry wa CKonbs^iinePi lunoHKe 
rawKy Ha unnMHflpMHecKOM pe3b6e. 

P^n u\3MeHeH\AH yrna OTKnoHeHna b 
MSBecTHOM peryxinpyeMOM nepeeoAHUKe pji9\ 
HanpasneHHoro 6ypeHna HeoGxoflmvio 
ocBo6oflMTb (oTBepHyrb) raMKy Ha Kpi/iBOM 
nepesoAHMKe, CABUHyrb Ha cKOJibSHmePi mnoHKe 
ayeHaryjo MycjDry, BbiBecru ee 3y6ba H3 
3ai4enneHM5? c peryjinpoBOMHbiiyi kpubwm 
nepeBOflHMKOM. noeepHyrb peryjiMpoBOMHbiPi 
KpuBOi^ nepeBOflHMK soKpyr cBoen ocm Ha 
HeKOTopbiPi yron, KpatHbiM luaiy 3y6beB, Bsecm 
3y6bfi Myc|DTbi B aai^en/ieHne c syQh^MiA 
peryjinpoBOHHoro KpuBoro nepesoflHUKa m 
raC^KoK Ha nnnnHApuHecKOM pe3b6e saKpennTb 
sySMaTyHD Mydpry or o6eBoro cMe^eHUP n 
peryjiHpoBOHHbit^ nepeBOAHHK or npoBopora na 
KpMBOM nepeaoAHMKe. 

HeAOCTaiKOM waBecrHoro peryjinpyeMoro 
nepeBOflHMKa 9\Bn^eTC9] to, mto Ka^KAoe 
MaMSHeHHe yma OTfcnoHennfl ocyLAecTsny^eTCfl 
CTyneH4aTO. KpaiHo mary 3y6beB. 3to ne 
noasonaeT ycTaHasnnBaTb pacMerHbiCi yron 
- OTKnoHeHMfi Ha naBecTHOM peryjinpyeMOM 
nepeBOflHMKe aha HanpaBneHHoro 6ypeHHfl m 
BBOAMT HeKOTOpyK) norpeLUHOCTb B BejlMMMHy 
yma. 

flpyruM HeAociaTKOM nsBecTHoro 
peryjinpyeMoro nepeBOAHUKa yiBJiflercH to, hto 
raP^Ka. cfJUKCMpyioiAafl n aaKpenn^ioLAa^q 
peryriMpoBOMHbiPi kpmbom nepesoAHMK n 
ayGMaryw Myct3Ty. ycTaHOBJieHa na 
i4MnnHAPMMecKOM pe3b6e, paAnanbHbie sasopbi b 

KOTOpOM flBJlfllOTCfl npHMMHOM 

caMonpoM3BojibHoro ocna6jieHMfl KpenneHHj? m 
HapyiueHMfl KecTKocTn peryjinpyeworo 
nepesoAHMKa. 3to npMBOAUT k nsMeHeHUfo 
aaAaHHoro HanpasneHUfl 6ypeHMfl, k 

HeoSxOAHMOCTM BbinoJlHeHUfl AOnOJIHMTeJlbHblX 

KapoTa>KHbix M 6ypoBbix pa6oT. 

HaBecTHo ycTpoi^oTBo flnn HanpasneHHoro 
6ypeHMfl, BbinojiHeHHoe b bmao peryjinpyeworo 
nepeBOAHUKa. coAep>KaLJ4ero Hunnenb m 
ycTaHOBneHHbie Ha hbm na u^nnnHApuMecKHX 
peabSax c paannMHbiM luaroM Asa KpuBbix 
nepeBOAHUKa c BMHTaMM aha cronopeHMfl na 
Hunnene [2]. 

B naBecTHOM ycTpoPicTBe fljnn 
HanpaBneHHoro Cypenm, ah^i Toro mo6bi 
M3MeHMTb BenwMHHy yrna OTKnoneHUfl. 
Heo6xoAHMO oTsepnyTb (ocna6MTb) oTonopHbie 
Konbi^a oAHoro KpMBoro nepsBOAHUKa n 
noBepnyrb ero (kpmboK nepesoAHHK) soKpyr 
co6cTBeHHoJ!i OCM Ha Heo6xoAMMbiPi yron, 
cooTBeTCTByjoii^MPi ycTaHaBnMBaeiwoMy yrny 
OTKnoHeHMfl ycTpoMcrea (o6btHHo yron noBopoTa 
KpuBoro nepeBOAHMKa cocTaBn^eT necKonbKO 
o6opoTOB BOKpyr co6cTBeHHo« OCM). nocne 
sToro HeoSxoAMMO aacronopurb KpMBof^ 
nepeBOAHMK m na 3Tor xe yron nosepnyTb 
BTopoCi KpMBoPi nepeBOAHMK. ripM paanMHHo^ 
BenMMMHe maroB Mcnonbsyewbix pe3b6 
ycraHOBneHHbJx KpMSbix nepesoAHMKOB or 
noBopora - BsaMWHoe nono>KeHMe nnocKOCTefi 
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HCKpMBJieHM5^ 3THX nepeBOAHl/!KOB M3MeHMT0fl, 

M3MeHHTC5i M cyMMapHbiPi yroji oTKnoneHMfl 

yCTpOMCTBa. 

fln5i npeAOTspaLi^eHUfl oTsopoTa KpMBbix 
nepeeoAHMKOB pesbSbi cneAyeT saTflnyTb 
ynopoM .B Topqb!, a Ha Hunnene. 3aKpenMTb 

CTOnopHbIMM BMHTaMM. 

HeAOCTaTKOM nsBecTHoro ycTpoMCTBa a^^ 
HanpaBneHHoro SypeHMJ? flBJiHGTCfl to, mto 
KpMBbie nepesoAHMKn ycTaHOBneHbi na 

I^MnMHApMHeCKMB pe3b6bl, MMeKDLUMB B CBOMX 

oonpfixeHMy^x paAnanbHbie sasopbi. 3tm aaaopbi 

B ycnOBMjqX HeM36e>KHbIX BM6paL^MPi M 

Kone6aHMPi, CBKsaHHbix c BbinonneHMeM 
6ypoBbix paSoT, cny>KaT npMMMHoPi 
caMonponsBonbHoro ocna6neHMH 3aTfi>KKM 
pe3b6, n3MeHeHMfl BsaMMHoro nono>KeHMfi 
KpMBbix nepeeoAHMKOB, MaMeneHne 

HanpaBTieHHocTM pa6oT. 

PasnMHHbie no BenMHMHe luarM pe3b6 b 
OAHOM ycTpoMCTBe HapymafOT paBHonpoHHocTb 

pe3b60Bb!X COeAMHeHMM. V\ 9TO 9\BY\^&XOSK 
HGAOCTaTKOM. TaK>Ke HSAOCTaTKOM M3BeCTHOrO 

ycTpoCicTBa ^iBnaeTc^? to, mto oTcyTCTsyeT 
BHeiuHMt^ AocTyn k HMnnenio ah^i yAep>KaHMa ero 
npoBopoTa npM KpenneHMM pe3b6. MoMeHTbi 
TpeHMfl cTonopHbix BMHTOB o HMnnenb He 

COnOCTaBMMbI no BenMMMHe C MOMSHTaMM 

3aT?i>KKM pe3b6 B 6ypMnbHbix KonoHHax. FIoaTOMy 
npM 3aTy?)KKe pe3b6 B03M0>KHbi cnywaM 
HenpeABHAeHHoro npoBopoTa HMnnen^ 
oTHocMTenbHo nepesoAHMKOB m napyujeHMfl 
saAaHHoro yrna ycTanoBKM yrna OTKnoneHMfl 

yCTpOMCTBa. 

Bee 3TO npMBOAMT K HOTepe TOHHOCTM " 

npoBOAKM HanpaBneHHbix CKBa>KMH m TpeGyeT 
AononHMTSJibHbix saTpaT BpeMBHM, TpyAa m 
opeACTB ATi^ HanpasneHHoro SypeHMH no 
saAaHHOM TpaeKropnn. 

HaMSonee 6nM3KMM k npoAnaraeMOMy 
ycTpoMCTsy Ana HanpasneHHoro 6ypeHM« 
s\^n9iBJ09^ yoTpoMCTBO AHH HanpaBnGHHoro 
6ypeHM5i, BbinonHeHHoe b bmab MCKpMsnaeMoro 
nepesoAHMKa, coAep>KaLJ4ero cepAeMHMK m 
ycTaHOBneHHbie na new Myct)Ty Ha CKonbaaiAeM 
lunoHKe CO cKoiueHHbiM noA yrnoM Topi^oM m 
KpMBOM nepeBOAHMK. 

Ha Topi^ax MycjDTbi m KpMsoro nepesoAHMKa 
BbinonneHbi yrnySneHMa (oTsepcTM^i) Any? 
noMeLAGHUfl s hmx mapMKa, 4)MKCMpyK)LL^ero 
nono>KeHMe KpMBoro nepesoAHMKa, a 
cneAosaTenbHo, m yrna oTKnonenMa (naTeHT 
CUJA N 5029654. Kn E 21 B 7/08; HKH 175-74 
1991). 

HeAOCTaTKOM MssecTHoro MCKpMBn^^eMoro 
nepesoAHMKa jqsn^eTc^i to. mto perynMposaHMe 
yrna ncKpMBjieHMjq ocyu^ecTBnfleTc^i CTyneHwaTO, 
c MHTepsanaMM. onpeAen^ieMbiMH 
pacnonoKeHMeM oTsepcTMM na Topi4e Kpusoro 
nepeBOAHMKa. flpyrMM cyiJ^ecTBeHHbiM 
HeAOCTaTKOM MssecTHoro MCKpMBn^ieMoro 
nepeBOAHMKa 9iBT\^&\o7\ to, hto A^fl 
3aKpenneHM5i saAaHHoro nono>KeHMjR (yrna 
oTKnoHeHMH) KpMBoro nepesoAHMKa 
McnonbsyeTCH raMKa c i^MnMHAPMMecKMM 

pe3b60BblM COeAMHeHMeM. MMetOii^MM 

paAManbHbie aaaopbi. B ycnoBM^ix 6ypeHM5q 
pe3b6oBoe coeAMHeHMe c ui/inMHAPMHecKOM 
pe3b6oM HeM36e>KHo ocna6eBaeT, TepneTCfl 
xecTKocTb MCKpMsn^eMoro nepeeoAHMKa m b 

CBJ13M C 3TMM CaMOnpOM3BOnbHO M3MeH?ieTC5q 

yron OTKnoneHMH m nanpasneHHocTb 6ypeHM«. 

3T0 npMBOAMT K CHM>KeHMK) TOHHOCTM npOBOAKM 

cKBaxMH. K AononHMTenbHbiM saTpaTaM 
BpeMeHM, TpyAa M cpeACTS. Eiqe oahmm 
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HeflocraTKOM MCKpnBn5^eMoro nepesoAHHKa 
flBJifleTC5i Heyflo5cTBo n sarpyflHeHne npn 

3KCnJiyaTai4MM, CB513aHHOe C Heo6xOflMMOCTbK3 

AonojiHHTenbHOM pa35opKM-c6opKM 
npMcoeAMHMTe/ibHoro pesbGoBoro coep,^^HeHl^9^ c 
L^ejibfo AOBopora ramiA, yAep>KMBafoLJ4eM KpuBoW 
nepesoflHUK Ha cepfleHwuKe, fxn9\ coBMeii^eHUfi 
nnocKocTePi Topi4eB Kpneoro nepesoflHUKa n 
KpuBoro TopLia HMXHeCi raPiKM npw nsMeHeHnn 
yma OTKnoHeHHA. 3rn n flpyrne HeAocraTKM 
MSBecTHoro HCKpuBJiaeMoro nepesoAHMKa He 
flarar bo3Mo>khocti/i BbinojiHHTb rpeeyewoe 
pacMeTHoe MCKpuBneHne cKBa>KHH npn 
BbinojiHeHMM 6ypoBbix paSor Sea 
AonojiHMTejibHbix sarpaT speMenn, rpy^a n 
cpeACTB M He nosBO/ifler AocTUMb HeoGxoAHMoPi 

TOMHOOTM npOBOflKM HaKJlOHHO-HanpaSJieNHblX M 
ropM30HTanbHblX CKBa>KMH. 

3aAaMaMM M3o6peTeHi/iji flBUHfOTCfi 
ycrpaHeHne HMoioii^Mxcfl HeAocraTKOB 
M3BecTHoro MCKpMBjiJnoi4ero nepeBQAHMKa m 
noBbiiueHMe tomhoctm nposoAKu 

HaicnoHHo-HanpaBjieHHbfx m ropnaoHranbHbix 
CKBa>KMH aa cMer eeccTyneHMaroro 
peryjiMpoBaHMJi m tomhom yctaHOBKn pacneTHoro 
yma OTKnoneHUfl. noBbimeHUH >KecTKocTM n 
HaAexHocTM ycTpoi^cTsa Anfl HanpasneHHoro 
6ypeHH5i. 

nocTaaneHMbie aaASMM pemaHDrcfl aa ewer 
Toro, HTo B npeAnaraewoM ycrpoPjcTBe nr[9\ 
.HanpasneHHoro eypeHMPi, coAep>Kau4eM Hunnenb 
c pe3b6aMM Ha KOH4ax m ycTaHoajienHbie na new 
c B03MoxcHocTbto ocBBoro nepeMeiAGHn^? na 
CKOJib3flU4ePi mnoHKe (na LUjiwi^ax) pacnopHyio 
BTyriKy co CKOLueHHbiM noA yrnpM ynopnbiM 
TopL\oM, a Ha pe3b6oBbix Konqax ycraHOB/ieHbi 
ABa nepeaoAHMKa aha B3aMMOAeMCTBn;i c 
pacnopHoii BryjiKofl cbohmm TopqaMM, npuneM 
OAMH M3 nepeaoAHMKOB BbinonneH KpuBbiM, 
Hunnerfb BbinojiHeH KpuBbiM, peabCbl 

BbinO/lHeHbl KOHM^eCKMMM (MaJIOKOHyCHblMH), 

o6pa3yKDLAMMM o pe3b6aMM cx3npf?raeMbix 
nepeBOAHMKOB pe3b6oBbie coeAHHeHna, 
HOMMHajibHaj? BennHMHa ocesoro nawa b 
Ka>KAOM M3 KOTopbix 6ojibiije nonoBMHbi MX mara. 
nnocKocTb ncKpuBneHUJi KpMBoro HMnnexiR m 
nnocKocTb cKoca ynopnoro Topua pacnopHoCi 

BTyJlKM BbJnOJIHeHbl BSaHMHO 

nepneHAMKynfipHbiMM, a mx yrnbi BbinonneHbi 
paBHblMH Me>KAy C060R. 

B pe3ynbTaTe roro, mo b yoTpoC^CTBe aha 
HanpaeneHHoro 6ypeHMfl Hunnejib BbinojiHeH 
KpuBbiM, pe3b6b! Ha KpuBOM Hunnejie 

BbinonHeHb! KOHMMeCKUlMH (ManOKOHyCHblMH), 

o6pa3yfOL4MMM c pe3b6aMM conpHraeMbix 
nepeBOAHMKOB pe3b6oBbre coeAHHeHUJi, 
HOMMHanbHafi Be/iMHMHa oceBoro narflra b 
Ka;KAOM M3 KOTopbix 6ojibLue nojioBMHbi MX Luara, 
AOCTMraercfi B03Mo>KHocrb nocne ycraHOBKM ' 
Heo6xoAMMoro yma OTKnoneHM^?, npM 3aTfl>KKe 

KOHMHeCKMX MaJlOKOHyCHblX pe3b6 

JiMKBMAMpoBaTb paAManbHbie 3a3opbi b 
pesbSoBbix coeAMHeHMfix m tbm caMbiM 
o6ecneMMTb noBbiiueHHyio >KecTKDCTb 
ycTpoMOTBa c rapaHTMpoBaHHbiM paAManbHbiw 

HaTflrOM B pe3b60BblX COeAMHSHMflX M 
npeAOTBpaTMTb B03M0>KH0CTb MSWeHeHMfl 

ycTaHOBneHHoi^ BejiMHMHbi yma oricnoHeHMfl 
ycTpoi^oTBa aha HanpaBJienHoro 6ypeHMfl b 
npoL^ecce SyppBbix pa6oT. 

B CBfl3M C TOM HTO nJlOCKOCTb MCKpUBfieHMfl 

KpMBoro HMnnenfl m nnocKocrb cKoca ynopHoro 
TopLta pacnopHof^ BryjiKM Bbino/iHeHw B3aMMHo 
nepne.HAMKyjiJipHbiMM, a yron MCKpMBJieHUfi 
KpMBoro HMnnenn BbinojiHen paBHbiM ymy cKoca 
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ynopHoro ropi^a pacnopHoR BTyjiKH, 

MCKnHDMaerCJl B03M0>KH0CTb 06pa30BaHM« 

aaaopoB Me>KAy cKOLueHHbiM ynopHbiM TopqoM 
pacnopHOM BTyjiKH m BaanMOAePicTByioLi^nM c 
HUM ynopHbfM TOP140M nepeBOAHMKa KaK npM 
KpenneHHn KOHMMecKMX (ManoKOHycHbix) pesbS, 
laK M B npoqeoce HanpaBneHHoro SypewMfl 

CKBaXUH. 

B CBfl3M C TBM, HTO ynopHblB TOpi^bl 

pacnopHOM sryjiKM n eaanMOAePicTByioii^i/ie c 
HUMM ynopHbie TopLibi nepeBOAHMKOB nnoTHO 
npMJieraiOT Apyr k Apyry, a peabCoBbie 
coeAHHeHMH c rapaHTMpoBannbiM HaiflroM 
HaAe>KHo aaKpenn^^KDT Ka>KAoe ycraHOBneHHoe 
nojioKeHne KpuBoro nepeBOAHMKa, 

onpeAejiflfoinero yron oTKnoHBHUf? ycrpoficTBa' 
AJii^ HanpaBfieHHoro GypeHMa, cosAaercfl 
ynnKanbHafl BoawoKHocTb o6ecneMMTb 
eeccryneHMaToe naMeneHMe (perynnpoBaHMe) 
yma OTKnoHeHi/i;i 6ea cneL^ManbHoro. yana 
clDUKcau^MM yma. 

TaKMM oSpaaoM, peann3ai4Mfl 
OTnMMMTejibHbix npnanaKOB b coBOKynHocTH c 
naeecTHbiMM b npeAnaraeiviOM ycrpoPicTBe aha 
HanpaBJieHHoro 6ypeHM?i cosAaeT BC3M0>KH0crb 
JiMKBMAnpoBaTb ^ HeAocTaTKM, npucyiune 
M3BecTHOMy ycTpof^cTBy, M o6ecneMMTb Gonee 
TOMHyHD npoBOAKy HaKxioHHo-HanpaBjieHHbix m 

rOpMaOHraJIbHblX CKBa>KMH C MeHbtUMMH 

sarparaMU BpeMenn, cpeAcxB m rpyfla. 

npeAnaraewoe ycrpoticTBo aha 
HanpasneHHoro Gypenwi?? no cpasHeHMK) c 
naBecTHbiM MCKpuBHfieMbiM nepesoAHUKOM 
oSnaAaeT cneAyiOLi^nMM npenMyLnecTBaMM: 

o6ecneHMBaeT 6eccTyneHHaToe 
peryjiMpoBaHMe m roHHyfo ycranoBKy saAaHHoro 
yma Heo6xoAMMOM eennMUHbi; 

o6ecneMMBaeT noBbimeHHyfo >KecTKocTb 
ycrpoMCTBa m HeM3MeHfleMocTb b npoi^ecce 
6ypeHM5i ycTanoBJieHHoro yma OTKnoHOHMfl aa 
CMer JiMKBMAai4MM paAManbHbix aaaopos n 
coaAaHUE rapaHTMposaHHoro ocesoro n 
paAManbHoro HaT^roB b peabCoBbix 
coeAMHeHkiPx; 

oeecneMMBaer noBbimeHHyio HaAe>KH0CTb n 
yAo6cTBO B 3KcnjiyaTam/tM aa cMer 
ManoAeranbHocTM m MCKHfoneHMH Ao6aBOMHoPi 
c6opKM-pa36opKn npn peryjinpoBKe BenuMMHbi 
yma oTKnoHeHM^^. 

3to Bce noaBonyieT noBbicMTb TOMHocTb 
npoBOAKM HaKnoHHo-HanpaBJieHHbix i/i 
ropnaoHTanbHbix CKBa>KMH m npMSjinanTb 
4)aKTH4ecKyK^ TpaeicropMK) k pacMexHoii. 

Ha MepTe>Ke noKaaano ycrpoficTBo Ani^ 
HanpaBJieHHoro 6ypeHM5i. 06lhmPi bma, 
npoAOJibHbiki paapea b ojiockoctm ncKpUBneHUH 
KpHBoro Hunnem. riojioKeHMe yoTpof^cTBa Ana 
HanpaBJieHHoro GypeHUji npn waKCMManbHOM 
yrne oricnoHeHMfi. Tohkmmm uJTpuxnyHKTMpHbiMn 
JiMHUflMM noKaaano KpaPinee nojioKenne npn 
MMHMManbHOM (HyjiesoM) yrne oiKnoHeHUfl. 
OeoanaMeHMe yrjia c tomkom cooTBeicTByeT 
npHMOMy ymy 90°. 

YcTpoPicTBO Ana HanpasjieHHoro 6ypeHna 
coAep>KMT KpMBOM HMnnenb 1 c peabCaiviM 2 m 3 
Ha KOHL^ax. L^eHTpanbHbie ocm peab6 2 m 3 
nepecGKaioTc?! noA yrjioM a° - ymow 

HCKPUBJIGHMH KpHBOrO HHnneJlfl 1. Ha KpHBOM 

Hunnene 1 ycranoBneHbi c BoawoKHocibfo 
ocesoro nepeMeineHnyi na cKonbaHtqePi ujnoHKe 
4 (Ha ujjim^ax) pacnopnafl sryjiKa 5, y KoiopoM 
CKOLueH OAHH (hmkhhPi) ynopHbiM Topeu noA 
ymoM p" - ymoM cKoca ynopnoro Topi^a 
pacnopHoPi siyjiKM 5, a na pe3b6oBbix Konqax, 
Ha pe3b6e ycTaHosneHbi kpmbom nepesoAHMK 6 m 
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nepeeoAHHK 7 B3anMOAePicTBn^i c 

pacnopHOM BtyjiKoPj 5 no Topi4aM. PeabGbi 2 m 3 
KpMBoro Hunnerifl 1 sbinojiHeHbi KOHUMecKHMH 
(ManoKOHycHbiMn). Sro nosBonneT 
nepeeoAHMKaM 6 h 7 npn oceeoM nepeweLL^eHHH 
Ha pe3b6e coaflaBaib narnr b pe3b6oBbix 
coeAMHeHMflx. flpn BbinojiHeHHH npeAen 
M3MeHeHMfl HOMUHanbHoPi BejiMMMHbi ocesoro 
HaTflra b Ka>i<aoM pe3b6oBOM coeAHHeHUM c 
pe3b6aMM 2 M 3 6onbUje nonoBMHbi nx mara, 

He06X0AHMbI« H AOCTaTOMHblPi HBTfir B 

peabSoBbix coeAUHGHMi^x 6yAeT oGecneweH m 
npn MUHHwanbHOM, n npn MaKcuManbHOM yrne 
OTKnoHeHUfl ycTpoMCTBa ahji HanpaBneHHoro 
eypsHH;?. noBopora KpuBoro nepesoAHMKa 6 Ha . 
180° AOCTaroHHo. mtoGw M3MeHMTb yron 
OTKnoHenm ycrpoMCTBa Ann HanpaeneHHoro 
6ypeHMfj OT MUHUManbHoro (or nyn^i) ao 
waKCMMaiibHoro. npn gtom kpmboP^ nepesoAHHK 
6 nepeMecTHTCfl b oceBOM HanpaBJienuM na 
nojiOBMHy luara pesbBw. 

B ycrpoMCTBe Ann HanpaBneHHoro GypeHUfl 
nnoGKOcTb MCKpusneHM?! KpuBoro Hunnejin 1 (na 
Meprexe cosnaAaer c nnooKocrbio weprexa) m 
nnocKOGTb 8 cKoca ynopnoro ropL^a pacnopnoPi 
Bxy nm 5 BbinoriHeHbi B3aMMHo 
nepneHAHKyji?ipHbiMM Apyr APyry, a 
yroji p° cKoca ynopHoro ropi^a pacnopnoPi 
BTyjiKM 5 BbinoriHeH paBHbiM no eennMUHe 
ymy a° ncKpuBneHUfl KpMBoro HMnnejifl 1. B 
Mecrax conpflxennfl no i^nnnHApy KpuBoro 
Hunnejifl 1 c KpuBbiM nepesoAHMKOM 6 m 
nepeeoAHMKOM 7 ycTaHoeneHbi ynjiOTHnrejibHbie 
KonbLta 9 M 10. Koropbie b coBOKynHocTn n 

COBMeCTHO C nnOTHblMM TOpL^eBblMM 

conp;i>KeHH5iMn pacnopHoPi BryriKM 5 c 
nepeBOAHMKaMi/f 6 n 7 oeecnequBaror 
repMernsai^HKD ycrpoPicTBa n npeAOTspaLqaioT 
neperoK >khakoctm na BHyrpeHHePi hojioctm 
Hapy>Ky m o6paTHO. 

Ha KpuBOM nepeBOAHMKe 6 m nepeBOAHUKe 7 
BbinojiHeHbi pe3b6bi 11 v\ 12 ahji 
noAcoeAMHeHM5i ycTpoi^cTsa 
HanpaBneHHoro 6ypeHMfl k 3a6oPiHbiM 
MexaHMSMaM (na MepTe>Ke saSoPiHbie 
MexaHMSMbi He noKasaHbf). BennHHHy 
yrna f MCKpusneHMfi KpuBoro nepeBOAHMKa 6 
uenecooepasHo npwH^iTb pasHOM eennHMHe yrna 

a" MCKpUBneHMfl KpHBOfO HMnoejifl 1, HO 
Mo>KHo npMHHTb M ApyroM SeJIMHHHbr. 

L^eHTpanbHbie com pesbd 11 n 12 
nepeceKaioTCfl noA yr/ioM 7°+ a* ncKpuBJieHHfl 
ycTpoCicTBa aha HanpaBneHHoro GypeHnyi. 
PerynMpoeaHne BenMMUHbi yrna f± a" b 
npeAenax or MUHMManbHoro (nynf?) ao 
MaKCMMajibHoro ocyiAecTB/meTcn 603 cryneHeM. 

B03M0>KHbl APyme KOHCTpyKTHBHbie 

BapnaHTw McnojiHeHMfl ycrpoPicTBa aha 
HanpaBneHHoro 6ypeHMyi. 

PaGoraer ycTpof^cTBo An5? HanpaBneHHoro 
QypeHm cneAyfoinnM oSpasoM. ycTpoCicTBO aha 
HanpaBneHHoro 6ypeHMfl noAcoeAUHfleTCfl 
pesbSofi 11 K craropy BUHTOBoro saGoPiHoro 
ABMraTenfl (na MepreKe ne noKasan), a pesbGoPi 
12 K LunnHAenbHOM ceKUMH BMHTOsoro 3a6oMHoro 
ABurarenfl (na neprexe ne noKaaana). 
ycTpoJ^cTBo AHfi HanpaBneHHoro 6ypeHM« 
Mo>KeT noAcoeAMHflTbcii M K APyruM aaeoPlHbiM 
MexaHHSMaiw m KOMnoHOBKaM GypunbHoPi 

KOJlOHHbl, 

Heo6xoAMMafl BennHnna 
yrna y^i a- OTicnoHeHHfl ycTaHaannBaeTOfi 
nyreM oc/ia6jieHMfl nariira b pesbGe 3 
oTBopoTOM nepeBOAHMKa 7 na oamh nonnbiPi 
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o6opoT, ocesoro cMeLi^eHMH pacnopnoPi BrynKn 
5, noBopoTOM KpMBoro nepeBOAHMKa 6 
oTHocMTe^ibHO KpMBoro HMnneHfl 1 Ha yron b 
npeAenax 180° ao cxjBMemeHMfl pmcok c 
o6o3HaHeHMeM HeoGxoAMMoro pasnoro no 
BenHHMHe yrna na kpmbom nepesoAHMKe 6 m Ha 
pacnopHofi BiynKe 5, coeAMHeHHOPi c kpmbwm 
HMnneneM 1 CKonbaflinef^ mnoHKOM 4. Sarew 
pacnopHyra BiynKy 5 nepeMeiAajoT b oceBOM 
HanpasneHMM e cTopony KpMsoro nepesoAHMKa 6 
AO ynopa 11 noBopoTOM nepesoflHUKa 7 ao ynopa 
B Topei^ pacnopHoC^ srynKM 5 3aKpennflK)T 
pe3b6oBoe coeAHHeHMe b peabSax 3 m 2 c 
rapaHTupoBaHHbiM HararoM. TaKMM o6paaoM, b 
pe3b5oBbix coeAMHeHMflx o peabGawM 2 m's 

nonHOCTbK) BblGMpaJOTCfl (nMKBMAMpyMDTCfl) 

paAnanbHbie 3aaopbi: B cBfl3M c 3tmm 
MCKnKDHaeTCfl BoaivioKHocTb caMonpoM3BonbHoro 
M3MeHeHM5i BenMHMHbi yrna MCKpMBJieHMfl 
ycrpoPicTBa ah*! HanpasneHHoro 6ypeHMfl, 
cneAOBarenbHo, npeAorBpaiqaeTCfl MCKa>KeHMe 
saAaHHoro HanpaaneHM^ 6ypeHMfl b npoL^ecce 
BbinonHeHMPi HanpaeneHHbix 6ypoBbix pa6oT. 
ripM MsroTOBneHMM M HanaAKe ycrpoi^cTBa 
HanpaBneHHoro SypeHMfl ycraHasnMBaioT 
Hynesoe nono>KeHMe KpMBoro nepeBOAHMKa 6 

npi/l MMHMManbHOM HeoGXOAMMOM M 

AOCTaroMHOM Harare b peab^OBOiw cjoeAMneHMM 
c pe3b6oPi 2. nocne 3aTfl>KKM peabSoBoro 
coeAHHeHM;^ c pe3b6oPt 3 narar b pe3b6oBOM 
coeAMHeHMM Aon>KeH Gbitb MaKCMManbHbiM. 3to 
co3AaeT B03MO>KHocTb o6eoneHeHM5i Harnra b 
pe3b6oBbix coeAMHeHMfiX c peabCaiviM 2 M 3 npM 
Ka>KAOM cnynae ycTanoBKM Apyroro yrna 
oTKnoHBHM^i ycTpoPicTBa Ann HanpasneHHoro 
OypeHMfl. npM MaKCMManbHOM 
yrne -f± ^ oTKnoneHMsi ycrpoPicTBa Anfl 
HanpasneHHoro 6ypeHMfl peabSosoe 
coeAMHeHMe c peabSoM 2 6yAeT Mweib 
iwaKCMManbHbiC^ Haiflr, c peabSoPi 3 - 

MMHMManbHbltl, Heo6xOAMMbIM M flOCTaTOHHblPi. 

repweTMaai^Mfl ycrpoPicTBa aha 
HanpasneHHoro 6ypeHMfi o6ecneHMBaeTCfl 
ynnoTHMTenbHbiMM Konb4aMM 9 m 10, a TaK>Ke 
TOpL^eSblMM conpflxeHMflMM KpMBoro 
nepeBOAHMKa 6 m nepesoAHMKa 7, 
BsaMMOAePicTByioiAMMM c pacnopKoPi srynKoPi 5 
Topi^aMM. 

B CBH3M c rewi hto nnocKocTb 8 cKoca Topi^a 
pacnopHOM BTynKM 5 m nnocKOOTb MCKpMsneHMfl 
KpMBoro HMnnenfl 1 saaMMHo nepneHAMKynnpHbi 
M B cB^aM c paseHCTBOM yrna cKoca ropi^a 
pacnopHO« BTynKM 5 yrny a* MCKpManeHMfl 
KpMBoro HMnnenfi 1 npM noBopore nepesoAHMKa 
7 AocTMraercfl coBwemeHMe 

saaMMOAeRcTByjomMx Topi^eabix nnocKocTeR 
pacnopHoR BTynKM 5 m nepesoAHMKOB 6 m 7 m 
nnoTHoe mx npMneraHMe b Ka>KAOM nono>KeHMM 
ycTanasnMBaeMoro yrna y"± a" MCKpMsneHMA 
ycTpoMCTsa aha HanpasneHHoro 6ypeHMfl. 

nocne ycTanoBKM HeoSxoAMMoro 
yrna y't a' OTKnoneHMfl m aar^iXKM (Kpennenn^i) 
peabS 2 M 3 ycrpoticTBO HanpasneHHoro 
6ypeHMsi noAroTOBneHo k paSore. 

BypoBan KMAKocib nepea BHyrpeHHHDio 
nonocTb ycrpof^cTBa Anfi HanpasneHHoro 
SypeHMfi noAaercfl k aaSoPiHWM MsxaHMaMaw, 

KOTOpbie KpMBbIM nepeBOAHMKOM 6, KpMBbIM 

HMnneneM 1 , nepesoAHMKOw 7 m 3a>KaTOM Me>KAy 
nepeBOAHMKOM 6 m 7 pacnopnot^ srynKoPi 5 
OTKnoHeHbi OT npoAonbHoi^ ocm na saAanHbiPi 
yron m seAyr Hanpasnennoe SypeHne. 
ynnoTHMTenbHbie Konbuia 9 m 10, a TaK>Ke 
nnoTHbie conp^jKeHMH no ynopnbiM ropi^aM 
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pacnopHOM Bjynm 5 c nepeBOflHUKawn 6 n 7 
npeflOTBpaiqaHDT BoawOKHbie yreMKn 6ypoBoPi 
>KHAKocTM B ycrpoi^cTBe AHH HanpaeneHHoro 
Qypenm. 

TaKHM o6pa30M, peann3ai4Mq 
OTnuMnrenbHbix npusHaKoe npeAnaraeMoro 
ycTpoC?CTBa ajia HanpaeneHHoro SypennH b 
cx^MeraHMM m b coBOKynnocTn c nsBeoTHbiMn 
nosBOJifieT flocTHHb npenMymecTBa nepeA y>Ke 
M3BeCTHblMM ycTpoPicTBaMn n o6ecneMHTb 
6eccTyneHMaToe perynnpoeaHkie 
yma y°± a" OTKnoHenMa ycrpoticTBa, 
HeM3MeHHocTb ycTaHOBJieHHoro yma 
OTKnoHeHU?? B npoL\ecce 6ypeHHfl, npocTojy m 
HaAe>KH0CTb b aKcnnyaTai^nM. 

Bee 3TO nOBblCMT TOMHOCTb HpOBOflKH 

HaKfiOHHO-HanpaBjieHHbix m ropMsoHranbHbix 

CKBa>KMH, nOBblCHT >KeCTKOCTb H HaAeXHOCTb 

ycrpoPicTBa nn^ HanpaBneHHoro ^ypenm, r.e. 
nosBOJiMT peuuMTb nocTaBneHHbie b 
M3o6peTeHMM saAaMM. 
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OopMyna M3o6peT6HM5i: 

ycTpoMCTBO Ann HanpaBJieHHoro 6ypeHi/ifl, 
c»Aep>Kamee Hunnenb c pe3b6aMH na KOHi^ax m 

ycraHOBJieHHyK) Ha NGM C B03M0>KH0CTbKD 

oceBoro nepeMemeHMfl Ha CKonbSPiiAePi oinoHKe 
(Ha LiinML^ax) pacnopnyio eiynKy co CKOiueHHbiM 
noA yrnoM ynopHbiM Topi^OM, a na pesbGoBbix 
KOHL^ax ycraHOBneHbi Asa nepesoAHUKa aha 
BsaMMOAei^CTBMfl c pacnopHof^ BtynKOM cbommh 
TopqaMM, npHHSM oahh M3 nepeBOAHMKOB 
BbinojriHeH KpusbiM, oTni/maioiAeecfl reiw, mto 
HMnnejib BbinonneH KpnBbiM, pesbSbi Ha KpuBOM 
HMnnene BbmonHeHbi KOHMMecKHMH 

(wanoKOHycHbiMH), oepasyjoLunMM c pesbSaMU 
conp^rasMbix nepesoAHUKOB pesbSoBbie 
cpeAMHeHMfl, HOMMHajibHaa BejiMHMHa oceBoro 
Harjira b Ka>KAOM M3 Koropbix eojibiue nonoBUHbi 
MX Luara, nnocKocrb MOKpuBneHMJi KpMBoro 
Hunnenji n nnocKocTb cKoca ynopnoro TOpqa 
pacnopHOt^ BTyjiKM BbinonneHbi BsaMMHO 
nepneHAHKyriHpHbiMM, a mx ymbi BbinojiHeHbi 
pasHbiMM Me>KAy co6ot^. 
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